Introduction
Patients with type 2 diabetes mellitus (T2DM), especially those who have elevated levels of fasting plasma glucose (FPG) or hemoglobin A 1c (HbA 1c ), are at increased risk of cardiovascular (CV) morbidity and mortality. [1] [2] [3] Therefore, the treatment of T2DM has been centered on the goal of achieving and maintaining glycemic control without sacrificing patient safety and tolerability.
In the late 2000s, concerns have been raised with respect to risk of cardiac adverse events associated with the use of oral antidiabetics (OAs), [4] [5] [6] most notably rosiglitazone submit your manuscript | www.dovepress.com
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Shin and Kim which is a thiazolidinedione originally approved by the US Food and Drug Administration (FDA) in 1999. [7] [8] [9] It is well established that improved regulation of glycemic levels contributes to reducing the risk of diabetes-induced microvascular complications commonly experienced by patients with type 2 diabetes. 10, 11 However, conclusive evidence on the risk of macrovascular complications, most notably CV events which are the leading cause of mortality in patients with diabetes, remains elusive. In 2008, the controversy over the CV safety profile of diabetes therapy ultimately prompted the FDA to require all novel therapeutic options for diabetes to establish long-term CV effects as part of pre-and post-approval commitments. 12 In accordance with the FDA guidance, three postmarketing clinical trials of dipeptidyl peptidase 4 (DPP-4) inhibitors have been conducted to investigate CV risks of those newly available class of OAs. [13] [14] [15] The randomized controlled trials (RCTs) showed that the individual study agent provided statistically neutral effects on the rates of CV events relative to placebo. The SAVOR-TIMI 53 trial and a subsequent 2015 meta-analysis, however, indicated a possible association between the DPP-4 inhibitor and a higher incidence of hospital admission due to heart failure. 14, 16 On the contrary, previous meta-analyses showed that DPP-4 inhibitors might lower the incidence of major adverse CV events compared with a placebo or other hypoglycemic agents. [17] [18] [19] A more recent population-based cohort study using the US administrative health insurance claims database, however, failed to detect any evidence that DPP-4 inhibitors are associated with either an increased or a decreased risk of CV diseases (CVDs) in patients with type 2 diabetes. 20 Taken together, study results to date suggest that the potential risk of adverse cardiac outcomes indicated in the SAVOR-TIMI 53 study is presumably not a class effect of DPP-4 inhibition. Nonetheless, uncertainty remains as to whether individual DPP-4 inhibitors are safe from the CV standpoint. Thus far, without definitive proof of how DPP-4 inhibition affects patient CVDs, the glucose-lowering therapy has been commonly prescribed as monotherapy or as combination therapy with other hypoglycemic agents to combat T2DM.
In light of conflicting evidence, further investigation is warranted to evaluate whether differential risk of CVDs exists among DPP-4 inhibitors. Of particular importance is the CV safety profile of sitagliptin, the first approved and most commonly prescribed agent in clinical practice settings within the category of medications. 21 The only RCT conducted to date to investigate CV outcomes of sitagliptin found that adding sitagliptin to standard care was not associated with excess risks of CV events during a median follow-up of 3 years. 15 However, the antidiabetic in question was not compared head to head against metformin therapy which is the mainstay first-line antidiabetic in real-world clinical settings; hence, external validity of the study may have to be interpreted within the context of RCT. Additionally, the dominant ethnic group enrolled in the RCT was White (with only 22% Asians); therefore, patient characteristics may not be representative of Asian patient populations. Growing evidence suggests that the pathophysiology of T2DM and the efficacy of DPP-4 inhibitors in diabetes management may differ between Asians and other ethnic groups. 22 Thus, there remains a clinical need to verify the safety of the most commonly prescribed DPP-4 inhibitor in diabetic patients with Asian ethnic background. In this study, we performed a retrospective cohort study using patient data retrieved from institutional medical records to evaluate the CV effects of sitagliptin compared against those of metformin therapy among Korean patients with T2DM.
Methods
Study design and cohort
The protocol of this retrospective observational cohort study was approved by the Institutional Review Board of Ajou University Hospital (AJIRB-MED-EXP-14-221). Patient data were collected from electronic medical records of the study institution of a 1,108-bed tertiary care, university-affiliated, teaching hospital in Korea. Informed consent from study patients was not required as patient records were de-identified and anonymized prior to data analysis. Adult patients, aged 18 years and older, with a history of T2DM (identified by the International Classification of Disease, Tenth Revision [ICD-10] codes E11-14) were initially selected for the study cohort if they had received the study medications of sitagliptin or metformin between January 1, 2010 and December 31, 2014, with a therapy duration of at least 6 consecutive months. The consecutive therapy was defined as when a study medication order occurred within 1.5 times the days supply per prior prescription following its end date.
Two treatment groups were defined as follows: 1) patients treated with sitagliptin combined with other OAs (sitagliptin group) and 2) patients treated with metformin plus non-DPP-4 inhibitors (metformin group). The mutually exclusive intervention groups were contrived to account for the reimbursement eligibility criteria of the Korean National Health Insurance plan which recommends and covers metformin as first-line for T2DM, whereas a DPP-4 inhibitor only as add-on to metformin or other OAs. Patients were ineligible for the study cohort if they had a history of any of 
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Cardiovascular effects of sitagliptin the following: end-stage renal disease, dialysis treatment, estimated glomerular filtration rate ,30 mL/min/1.73 m 2 , renal transplantation, or any type of cancer. Patients who received insulin, incretin-based therapy including DPP-4 inhibitors (except sitagliptin), or thiazolidinediones either during the 6-month baseline period prior to cohort entry or at any time during the study period were also excluded from further analysis. All other therapies for the management of diabetes and CV comorbid conditions were permitted. Of the collected eligible cases, patients were then matched in a 1:2 ratio to the sitagliptin or metformin groups using propensity score (PS) matching per age, sex, weight, body mass index (BMI), duration of diabetes, atherosclerotic disease, hypertension, dyslipidemia, prior ischemic heart disease, prior heart failure, and HbA 1c level at baseline.
The index date for both groups was determined as the first date of initiating the primary study agent (sitagliptin or metformin) with concurrent use of other glucose-lowering therapy. Patient follow-up began on the index date until the earliest occurrence of any of the following censoring outcomes: a follow-up discontinuation, any of the end-point CV events, the end of the study period (December 31, 2014), or death.
Additionally, those patients who met the following high-risk criteria were identified for a subgroup analysis: 1) patients with a history of an ischemic CV event induced by atherosclerosis in the coronary or cerebrovascular system prior to cohort entry and 2) male patients of at least 55 years old or female patients aged 60 years or older, with extra risk factors including dyslipidemia, atherosclerotic disease, hypertension, and active smoking status.
Study outcomes
The primary CV outcome was a composite of CV death, myocardial infarction (MI), or ischemic stroke. The end-point events were captured via hospital admission or an emergency department visit with a CVD diagnosis identified with ICD-10 codes (CV death: I20-70; MI: I21-23; or ischemic stroke: I63, I65, and I66). The secondary end points included individual outcomes evaluated as the composite primary outcome along with other end points including hospitalization due to unstable angina (I20), heart failure (I50), or coronary revascularization (identified with procedure codes for percutaneous coronary intervention or coronary artery bypass grafts). The outcome date was determined as the earliest date a patient experienced a given outcome event. Admission to hospital with a primary diagnosis of hypoglycemia along with any episodes of blood glucose level ,54 mg/dL during the follow-up period was also identified for safety assessment.
Additionally, any cases with documented serum creatinine level .6 mg/dL, new-onset renal disease, and incident pancreatitis or pancreatic cancer were also separately captured as an adverse safety event.
Covariates
The prespecified covariates are as follows: age, weight, and BMI at the index date, sex, duration of diabetes, presence of comorbidities, status of smoking and obesity, levels of HbA 1c , FPG, and serum creatinine, and concomitant use of pharmacologic therapies for diabetes and CVD control. The duration of diabetes was defined as the time from the first date with a diagnosis code for diabetes recorded in the institutional electronic medical record until the index date. The following comorbid conditions which existed prior to the index date were identified by ICD-10 codes: atherosclerotic disease, hypertension, dyslipidemia, prior ischemic heart disease, prior heart failure, and renal disease. Concurrent medications used for the management of diabetes and CVDs were also assessed, including metformin, sulfonylureas, DPP-4 inhibitors, glucosidase inhibitors, meglitinides, calcium channel blockers, beta blockers, loop diuretics, thiazides, angiotensinconverting enzyme inhibitors, angiotensin receptor blockers, antiplatelets, statins, and warfarin.
Statistical analysis
We calculated incidence rates along with 95% confidence intervals (CIs) of clinical end points for the two exposure groups. The primary and secondary end-point analyses were performed with the use of a Cox proportional-hazards model, and a P-value of ,0.05 was considered to be statistically significant. To balance potential between-group confounders, PS matching was applied with the nearest neighbor matching method at a fixed ratio of 1:2 (two controls per one study patient). A multivariable logistic regression model with the baseline variables as covariates was used to estimate the PS for each patient, which predicts the probability of patient exposure to sitagliptin versus metformin therapy given prespecified baseline variables. Kaplan-Meier curves were plotted for the cumulative hazard of primary and secondary end points in the PS-matched sitagliptin and metformin cohorts. Statistical analyses were performed using SAS 9.4 Software (SAS Institute Inc., Cary, NC, USA).
Results
Study patients
During the 5-year study period, there were 5,141 patients with diabetes who satisfied the eligibility criteria of the study. 
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Following PS matching with a 1:2 ratio, a total of 4,860 patients were finally captured for cohort entry, including 1,620 in the sitagliptin group and 3,240 in the metformin group. The baseline characteristics of the PS-matched patients are shown in Table 1 . The mean age of the included patients was 56.8 years in the sitagliptin group and 56.5 years in the metformin group, and 42.2% of patients in each group were female. The mean weight was 67.8 and 67.3 kg in the sitagliptin and metformin groups, respectively. The median duration of diabetes was 3.6 years (with interquartile range of 2.1-7.0 years) and 3.5 years (with interquartile range of 1.7-7.2 years) in the sitagliptin and metformin groups, respectively. Comorbid conditions, such as atherosclerotic disease, hypertension, dyslipidemia, prior ischemic heart disease, prior heart failure, and renal disease, were similarly distributed between the groups. Overall, baseline characteristics were well balanced in the PS-matched groups. The median follow-up duration was 2.9 years with the interquartile range Figures 1 and 2 represent the Kaplan-Meier curves comparing the cumulative hazard of primary and secondary end points, respectively. According to log-rank test, no statistically significant difference in the risk of CVDs was noted between the two treatment groups in both analyses.
In the subgroup analysis, high-risk patients were identified based on the existence of CVD or additional CV risk factors prior to cohort entry and evaluated for CV effects of therapy exposure with analogous methods used in the initial assessment. A total of 517 patients and 1,055 patients were included in the study and control groups, respectively, for the high-risk group analyses. During the follow-up period, 12 composite primary events occurred with 1,563 personyears of follow-up in the sitagliptin group (incidence rate of 7.68 per 1,000 person-years) and 31 composite CVD primary events with 2,832 person-years of follow-up in the metformin group (incidence rate of 10.95 per 1,000 person-years). The PS-matched HR (95% CI) was 0.725 (0.372-1.413) with a P-value of 0.346. A composite secondary end-point event was established in 65 patients in the sitagliptin group (incidence 
Safety end points
Individual components of the prespecified safety end points are summarized in Table 4 . Hypoglycemic events and pancreatic disease developed sparsely, but the rates appeared numerically more frequent in the sitagliptin group albeit with 
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Cardiovascular effects of sitagliptin minimal clinical relevance. Overall, there were no significant between-group differences in rates of the following adverse safety events: hospitalization for hypoglycemia, any hypoglycemic episode with blood glucose level ,54 mg/dL, serum creatinine level .6 mg/dL, new-onset renal disease, and incident pancreatitis or pancreatic cancer.
Discussion
The adverse CV signal with DPP-4 inhibition was initially brought forth by the SAVOR-TIMI 53 study which suggested a possible link between the use of saxagliptin, the second DPP-4 inhibitor approved in 2009, and heart failure. 14 The present study sought to ascertain the CV safety profile of sitagliptin, the first DPP-4 inhibitor with the largest share in prescription volume among the new class of antidiabetics, 21 in Korean patients with T2DM. We used metformin-based therapy as our low-risk comparator, instead of placebo, to reflect real-world prescription practices and to ensure that adequate glycemic regulation was provided for patients in both intervention groups to avoid potential confounding due to intergroup differences in glucose control. This approach was also to ensure a more conservative estimate of potential CV risk because metformin has well-documented beneficial effects in CVD management via multiple proposed mechanisms, including improved insulin resistance, weight loss, reduction of total and low-density lipoprotein cholesterol, and by lowering the metabolic syndrome. [23] [24] [25] [26] [27] The present study did not find any trend toward elevated CV risk associated with sitagliptin as compared to metformin. Additionally, sitagliptin was not associated with an elevated risk of heart failure. The rates of hypoglycemia and new-onset pancreatic disease were also comparable between the two groups. Our findings were consistent with the results from the only-available RCT with CV end points prespecified as primary outcomes to date, albeit one with placebo-controlled design. 15 Based on the evidence available thus far, the presumed cardiac risk linked to saxagliptin appears to be at least not a class effect of DPP-4 inhibition.
The paucity of data on long-term CV risk with OAs is attributable to the conventional drug approval process set forth by the FDA, which was solely based on the effect of an agent on surrogate end points, such as serum glucose and HbA 1c reduction. 28 As a result, evaluation of more clinically relevant outcomes, such as CVDs, was not required in previous clinical trials designed for drug approval, nor was whether improved glycemic indexes lead to favorable CV outcomes in the long term. This was the case with sitagliptin which was approved prior to the 2008 FDA guidance regarding assurance of CV safety of all new glucose-lowering therapies. 12 Sitagliptin was not subject to close scrutiny for CV risk, and hence the lack of clinical evidence supporting its CV effects up until the 2015 study by Green et al. The recent sitagliptin trial reported that it was not associated with excess risk of ischemic cardiac complications in patients with diabetes. 15 However, the study was not without limitations. The placebo-controlled design may contribute to imbalances in background hypoglycemic treatment that could have influenced the CV outcomes. Moreover, as depicted in the Supplementary materials, the proportion of patients who were newly initiated on chronic insulin therapy or additional hypoglycemic therapy was greater in the placebo group compared to the sitagliptin group (9.7% versus 13.2%, P,0.001 and 21.7% versus 27.9%, P,0.001, respectively). 15 These intergroup differences in antidiabetic use may have substantial implications for the management of diabetes and CVDs, and thus could also have biased the results. To control such confounding, in the present study, we excluded those patients who received insulin, incretinbased therapy including DPP-4 inhibitors (except sitagliptin), or thiazolidinediones either during the preceding 6 months prior to cohort entry or at any time during the study period. However, despite these limitations, the 2015 study is the only available RCT and most relevant study in the sitagliptin-CV safety debate. As of today, no single RCT reproduced the unforeseen findings of the SAVOR-TIMI 53 study that suggested that DPP-4 inhibition might be associated with increased risk of heart failure. The debate on the cardiac safety of diabetes therapy originates from the controversial findings of the highly publicized 2007 meta-analysis by Nissen and Wolski. 9 Due to the rare occurrence of CV events in individual trials, no study found a significant association between rosiglitazone and acute MI. The authors pooled data from 42 RCTs to boost the statistical power of data analysis and found a 43% increase in risk of MI and a marginally significant increase in risk of CV mortality among patients with diabetes who received rosiglitazone. 9 These results and the findings from a series of observational studies over the subsequent years led to the 2010 imposition of substantial market restrictions by the FDA on the availability of the medication in treating type 2 diabetes. [28] [29] [30] However, the validity of the 2007 metaanalysis has later been questioned for heterogeneity across included trials and the statistical methods that may have created misleading conclusions with regard to the drug's safety. 29, 31, 32 Additionally, the data source may not have been appropriate for the intended evidence synthesis as most of the included studies did not have CVDs prespecified as primary end points but only analyzed them as safety end points. 29 In 2013, in a surprising move, the FDA lifted the restrictions on prescription of rosiglitazone based on reassurance from postmarketing study findings. 33, 34 The rosiglitazone experience has many implications for selecting therapeutic options for treating diabetes as well as for preventing secondary CV complications. Apart from MI, the OA has been associated with various unexpected side effects (including edema, heart failure, lipid profile changes, weight gain, and fractures), 7, 8, 35 many of which surfaced in postmarketing and surveillance studies. Although this medication is highly efficacious in glycemic control, the problem lies in its property of nonspecific binding to the gamma isoform of the peroxisome proliferator-activated receptor and our lack of understanding about the vast array of non-glycemic-related genes affected by the activation of peroxisome proliferator-activated receptor gamma, 35 which could be at the root of its unexpected side effects. This raises the following question: how much do we know about DPP-4 inhibition? DPP-4 inhibitors enhance glucose-dependent insulin secretion by increasing the circulating concentration of bioactive incretins, such as glucagon-like peptide-1 and glucose-dependent insulinotropic peptide. 36 Selective inhibition of DPP-4 may be essential for ensuring optimal safety of long-term therapy with this class of antidiabetics. Sitagliptin is a highly selective, competitive inhibitor with a high-affinity binding to the DPP-4 target. 36 Clinical studies thus far have shown that sitagliptin was efficacious and well tolerated in patients with diabetes, with similar incidence rates of adverse events between the exposed and unexposed groups. However, as a relatively new OA with a favorable track record over less than a decade since its approval, more safety data on its long-term use need to be compiled through postmarketing and surveillance studies in order to synthesize compelling evidence on its effects in the diabetes management as well as secondary CVD prevention.
In the midst of the global diabetes epidemic, with Asia at its epicenter, 37 the market for antidiabetic therapy has witnessed steady uptake in prescription volume over the last decade. Several new orally active antihyperglycemic agents became available for clinical use and underwent an immense growth in market share, especially DPP-4 inhibitors. 21 A key driving force for antidiabetic demand is the growing prevalence of diabetes worldwide, particularly in Asia. 37 To achieve optimal glycemic control in patients with diabetes, it is crucial to have a broad range of ammunition in our therapeutic arsenal as most patients with T2DM require an add-on therapy with a second or third OA. It appears that Asian patients have a tendency to develop diabetes at a younger age with a relatively lower BMI and are also at increased risk of diabetic complications, 22 although the interethnic differences in the underlying pathophysiology of T2DM, beta-cell properties, genetic predisposition, and the pattern of diabetic complications are yet to be explained. 37 Evidence is building up that Asian patients may benefit more from DPP-4 inhibitors than non-Asian patients, in that the agents appear to be more efficacious in achieving glucose homeostasis in patients with a lower BMI, a greater amount of visceral fat at a given BMI, and a predominant insulin secretory defect, the characteristics more prominent in Asian patients than in patients belonging to other ethnic groups. 22, [37] [38] [39] In a series of clinical trials, sitagliptin has proven to be effective for lowering not only FPG along with HbA 1c but also postprandial plasma glucose, which is additionally an important marker for predicting CV morbidity and mortality. 39, 40 Sitagliptin is also known for its relatively favorable tolerability profile: lower risk of chronic heart failure and edema relative to thiazolidinediones, lower risk of weight gain and hypoglycemia relative to sulfonylureas, lower risk of gastrointestinal intolerance and diarrhea relative to metformin, and a low propensity for drug interactions with other OAs. [41] [42] [43] [44] [45] This present study also supported that, overall, sitagliptin is safe from the cardiac standpoint, and when used as a combotherapy with other hypoglycemic agents, it does not compromise patient CV safety and tolerability while contributing to achieving glucose homeostasis in patients with type 2 diabetes. 
Limitations
This study has limitations. Due to the retrospective and single-institution study design, our findings may not be applicable to patient population in other Asian countries. Although patient data were retrieved from institutional electronic medical records, diagnostic ICD-10 codes not entered or entered incorrectly by clinicians could have influenced the frequency of comorbid conditions and incidence rates of end-point events analyzed in our study. We did not include laboratory values that were not available from electronic medical records in our assessment for baseline clinical characteristics of the study patients such that missing data have no effect on the overall baseline distribution. The rarity of certain adverse events, such as pancreatitis and pancreatic cancer, along with a relatively small sample size may have contributed to a false negative result that failed to capture a potential significant association between the event and drug exposure. It was assumed that all prescriptions at discharge were dispensed and that the whole course of therapy was completed by patients, although individual patient compliance cannot be guaranteed. The clinically important question of whether improved glycemic regulation leads to reducing CV complications in patients with diabetes still remains to be answered. This study was not designed to answer the question as patient glucose levels in both intervention groups were relatively well controlled over the follow-up period with adequate antidiabetic therapy. We did not assess any special nutritional requirements that may have affected glycemic control of those patients treated with sitagliptin. However, to avoid including patients in acute conditions or in nothing by mouth status, we excluded those patients who received insulin either during the 6-month baseline period or at any time during the study period. An assumption was also made that any patients receiving orally administered antidiabetic medications had at least some nutritional intake.
Conclusion
This study suggested that sitagliptin was not associated with elevated risk of CV mortality and morbidity including MI, ischemic stroke, heart failure, and coronary revascularization, relative to metformin therapy among patients with type 2 diabetes in Korea. Similar results were found when only high-risk patients with an established CVD or CV risk factors were included for the subgroup analysis. Sitagliptin can be used as a viable add-on treatment for glucose homeostasis without compromising CV safety in patients with T2DM.
